Phylogenetic analysis of the HA ( Figure 1C ), NA (Supplementary Figure S1B ), NP (Supplementary Figure S1F ) and NS (Supplementary Figure S1H ) genes of the 1-2F isolate showed that they belonged to viruses from clade 2.3.2.1c H5N1. 1 The M and PB2 segments were found to be closely related to several H5N1 strains in China, which originated from an H9N2 lineage circulating in China and Southeast Asia (Supplementary Figures S1G and S1C). The PA and PB1 genes fell within a small H5N1 clade, which comes from a low pathogenic AIV gene pool existing mostly in waterfowl and wild birds (Supplementary Figures S1E and S1D). Therefore, the 1-2F isolate is a reassortant virus. Viruses belonging to this genotype were isolated from different provinces (Zhejiang, Yunnan and Hubei) in China, from different hosts (chickens, ducks, peacocks and tigers) and from different years (2014-2016), suggesting that the distribution of this H5N1 genotype is wider than previously thought.
In particular, all eight genes in 1-2F were similar to and clustered with those of a clade 2.3.2.1 H5N1 virus isolated from a tiger (A/tiger/Yunnan/tig1508/2015(H5N1)) that had died during August 2015. 2 Since clade 2.3.2.1 viruses are prevalent among poultry in China and have been repeatedly detected in wild birds, 3-5 more infections with clade 2.3.2.1 viruses in mammals can be expected.
To investigate the source of the infection, environmental samples taken from the lion and the birds in the zoo were collected for NGS analysis (Supplementary Technical Appendix). The sequencing depth was 2G per sample. H5 and N1 were not found in the environmental samples collected from birds; however, 6689 H5 and 5936 N1 reads were detected in the drinking water of the lion. These results suggested that the lion may not have acquired the H5N1 infection from the birds in the zoo. Alternatively, the lion was fed with frozen chicken carcasses, and therefore the most plausible source of the infection might be chickens, which may have been contaminated by H5N1 AIV. Genetic analysis further showed that the HA gene of 1-2F contained multiple basic amino acids (RERRRKR) at the cleavage site. The amino-acid residues in the receptor-binding sites of HA exhibited avian characteristics (226-228 QSG). Furthermore, E627 and D701 residues in the PB2 protein suggested that the virus had not yet adapted to the mammalian host. 6, 7 A 20 amino-acid deletion of NA was detected at positions 49-68, which may increase virus adaptation to domestic fowl and virulence in mammals. 8 The H274 residue of NA and N31 in M2 suggested that the virus was sensitive to oseltamivir while resistant to amantadine. There were no differences in the key sites between the H5N1 AIV isolated from lions and chickens (A/chicken/Wuhan/HAQL07/2014(H5N1)), and only a difference of 1-2 amino acids when compared with viruses derived from tigers and wild birds, respectively ( Supplementary  Table S1 ).
In summary, we documented the first infection of a lion with a highly pathogenic H5N1 AIV, expanding the host range of AIV. This virus was a reassortant from circulating H5N1/H9N2 viruses and remained prevalent among poultry. Since this virus was highly virulent to the lion and that AIV has been reported to cause deaths in tigers and leopards, 9 we believe that captive animals are under certain risk of AIV infections, and increased surveillance is needed to track and chart the ongoing evolution of circulating AIV with respect to their potential to infect susceptible mammalian hosts.
